Disasters disproportionally affect vulnerable, technology-dependent people, including preterm and critically ill newborn infants. It is important for health care providers to be aware of and prepared for the potential consequences of disasters for the NICU. Neonatal intensive care personnel can provide specialized expertise for their hospital, community, and regional emergency preparedness plans and can help develop institutional surge capacity for mass critical care, including equipment, medications, personnel, and facility resources.
A disaster is defined as a sudden, calamitous event, natural or manmade, that seriously disrupts the functioning of a community or society and causes human, material, and economic or environmental losses that exceed the community's or society's ability to cope using its own resources. 2 NICU patients are particularly vulnerable, not only because of their small size and physiologic immaturity, but also because of their baseline dependence on technology for warmth, nutritional supplementation, medication administration, cardiorespiratory monitoring, diagnostic information gathering, and life-sustaining physiologic support. Disasters not only can cause direct danger or injury to NICU patients, but may also affect their caregivers, parents, and families. Disasters may disrupt a NICU patient's protective surroundings, including light, warmth, electricity, oxygen, and air as well as diagnostic and therapeutic resources, such as medications, cardiorespiratory monitors, incubators, ventilators, blood gas machines, and imaging devices. Different types of disasters may affect NICU operations and capabilities in different ways (Table 1) .
natural Disasters (Hurricanes, Earthquakes, Superstorms, and Wildfires)
Hurricane Katrina was one of the largest threats to NICU patients in US history, because it disabled the health care system's ability to provide adequate care in a large, densely populated area because of the loss of supplies, personnel, communications, and infrastructure. 3 Hurricane Katrina caused extensive flood damage and electrical power loss to hospitals caring for critically ill newborn infants and resulted in mass evacuation efforts that were suboptimally coordinated. 4 Although all neonates in the affected hospitals survived, and many hospitals received evacuated neonates, there was a surge in NICU patients at the hospital receiving the most transports from the affected area, from 55 to 125 patients in 3 days. 4 This event illustrated the need for advance development of systemwide plans for maintenance of neonatal critical care under adverse conditions, local and regional neonatal care coordination and communication, interfacility patient transport, and NICU evacuation because of extensive flood damage and hospital closures. 5 Hurricane Sandy also affected providers' ability to care for women with high-risk pregnancies and newborn infants in metropolitan New York. 6 -8 However, in this instance, when Hurricane Sandy caused a power outage in a New York City medical center, 21 neonates were evacuated to other hospitals in the city in less than 5 hours. These transfers were accomplished with no known mortalities, which may be credited to that medical center's advance planning, with a clear command structure, overall regional coordination, and the availability of backups in the form of personnel, information, and equipment. 6 e2 28 -31 Therefore, coordinated planning with the hospital facility, community, state, and region is essential in preparing for disasters in NICUs.
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Developing a Plan
Most NICUs are part of a larger department (eg, pediatrics or obstetrics) within an even larger facility (general or children's hospital). Nevertheless, a 2008 survey of US hospitals found that, although most facilities had memoranda of understanding between hospitals to transfer adult patients during an epidemic, e3
by guest on September 13, 2017 Downloaded from fewer hospitals had memoranda of understanding for pediatric patients; in 2014, fewer than half of hospitals with an emergency department had a disaster plan for children. 32, 33 Improving disaster preparedness for critically ill newborn infants will require neonatal care providers to participate in the larger plan of emergency preparedness within hospitals, communities, states, and regions. In certain disasters, the personnel and equipment necessary to care for critically ill patients may need to come from other facilities, including those across state lines, which may require plans for shared clinical credentialing within a region. When a governor declares a state of emergency and federal public health and medical resources are activated, licensed providers (physicians, nurses, pharmacists, and respiratory therapists) on emergency medical response teams from other regions can provide care to affected areas. 34 Therefore, regional plans may include a method to determine specific competencies within facilities so patients can be transferred to centers with appropriate capabilities. 35 Several useful resources are available to help clinicians and hospitals prepare for disasters. 
nIcu Emergency Preparedness Plans
Developing and maintaining NICU emergency preparedness plans that include consideration of the total hospital patient populations, as well as community and regional resources, can improve the capacity to care for critically ill newborn infants during a disaster. Given the need of many NICU patients for intense technology support, planning for sufficient power during a disaster is critical, including backup generators. Backup power sources must be located in safe locations (protected by appropriate construction in earthquake-prone areas and high enough off the ground in flood-prone areas). Planning can also include discharge of relatively healthy newborn infants to the mother and family, with follow-up with a primary care provider, or transfer of convalescent patients to lower-level facilities. 35 In some circumstances, complete NICU evacuation may be indicated.
Certain epidemics (eg, H1N1) may disproportionately affect the population of pregnant women and may increase preterm deliveries and the need for NICU care. 36 Disasters may also increase demand for specialized equipment, such as ventilators, to care for all critically ill patients and may limit equipment and staffing available to newborn infants. 37 Because NICU bed capacity is not necessarily determined by a regional need-based formula, the strain of a major disaster could affect NICU resources in an unpredictable manner. 38
Staffing Support for Safe and Effective Operations During a Disaster
Planning for a sustained disaster event involves calculating potential surge capacity, usually considered to be the ability to handle up to 3 times a facility's maximum capacity for a period of 10 days. 26, 27 Because staff with highly specialized skills may be particularly limited during prolonged disaster situations, it is important to consider cross-training staff for the care of recovering preterm or critically ill infants. These care providers may include staff from other areas of the hospital who have either received training in advance or "just in time" to provide EMCC. 39 Cross-training of primary care pediatric, surgical, or ICU staff also may help to build surge capacity and institutional resilience. Clinical staff from other hospitals, including local volunteer groups or the Medical Reserve Corps, may be available. 34 Patient-provider ratios in disasters may need to be altered from the usual standards to address the needs of a larger number of patients. Depending on the type of disaster, alternative provider configurations (eg, non-NICU staff) may need to be considered.
Several hospitals have developed and tested disaster preparedness systems. 40 The Good Samaritan 42 Multiple family contact numbers should be obtained and kept with the infant's record, and efforts should be made to maintain contact with the parents and keep them as involved as possible in decision-making around the care of the infant. 43 Disaster planning should also include consideration of the psychosocial needs of families, who likely are already considerably stressed as a result of their critically ill child. Primary care providers should be considered as a potential resource for supporting affected families. 44 -46 Transfer/Evacuation 
Sharing resources With Hospital and community
A mass critical care event may require a shift or reallocation of technology resources (Fig 1) . Pooling resources from other departments and hospitals may also enable the provision of a more sustained response to an emergency. In the event of a major loss or depletion of medical countermeasures (MCMs), such as vaccines, antidotes, medications, and equipment, regional authorities can request support from the US Department of Health and Human Services, including support for the care of critically ill newborn infants. A national cache of medical supplies for use in disasters, the "Strategic National Stockpile, " is maintained and can be dispersed as authorized by the CDC. 47 
Medical countermeasures
In addition to maintaining surge capacity, there may be situations in which MCMs are warranted. MCMs are defined as medications, antitoxins, vaccines, immunoglobulins, medical devices, and age-appropriate life-saving medical equipment required to protect or treat children for possible chemical, biological, radiologic, nuclear, or explosive threats. 48 For example, during the H1N1 pandemic, the US Food and Drug Administration (FDA) provided emergency use authorization of oseltamivir for infants younger than 1 year of age. 49 In addition, in December 2012, the FDA approved raxibacumab to prevent and treat inhalational anthrax in adult and pediatric populations, using human safety and animal efficacy study results. 50 Although such emergency dosing may be warranted in disasters, additional research is needed to appropriately measure antimicrobial concentrations and assess the efficacy and safety of MCMs in newborn infants, including preterm infants. Agencies, such as the FDA, the CDC, and the National Institutes of Health, can collaborate to make specific medications available as needed during disasters, through state public health agencies. The Biomedical Advanced Research and Development Authority develops and procures needed MCMs against a broad array of public health threats, whether natural or intentional in origin. To meet the needs of neonates and children exposed to public health emergencies, sufficient amounts of MCMs appropriate for children of all ages should be present in caches, such as the Strategic National Stockpile. 37, 47 nutrition and Human Milk
Nutritional supplies for NICU patients may become strained in disasters because of limited supplies of parenteral and enteral nutrition, including infant formula, supplemental vitamins, and trace elements. Agencies, such as the Supplemental Nutrition Program for Women, Infants, and Children, state health departments through the Maternal Child Health Bureau's Title V programs, milk banks, and private organizations, can assist with the provision of nutritional supplies.
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Model of decision-making based on available supplies: example using respiratory support.
The figure shows a model of decision-making based on available supplies, personnel, patient acuity, and surge capacity for pediatric EMCC. Whenever feasible, a mother's own milk should be made available to infants, particularly those who are critically ill, because it is the safest form of nutrition in a disaster.
Ethical considerations
Ethical dilemmas exist in the routine care of extremely preterm and medically complex infants, 51, 52 but additional challenges occur during disasters. Ethics in medical practice include 4 key principles:
(1) respect for autonomy; (2) nonmaleficence ("do no harm"); (3) beneficence; and (4) justice. During a disaster, the principle of justice becomes dominant, with 2 ethical theories mostly considered. The first theory, utilitarianism, states that actions are correct if they provide the greatest good for the greatest number of people. The second theory, egalitarianism, stresses equal distribution of resources for all individuals. These theories can be considered for a hospital's decision matrix to guide ethical questions and resolutions during a disaster. 53 -55 Providing a specific approach to ethical decision-making during disasters has been challenging. In 2010, the Pediatric Emergency Mass Critical Care Task Force met to discuss recommendations for US pediatric surge planning and allocation of resources. 56 The Task Force acknowledged the need for an objective tool to help predict the benefit of resource use. However, it noted that developing a reliable tool was challenging given the dependence of many tools on the use of technology for assessment (eg, response to ventilator support). The Task Force was reluctant to recommend expert opinion as a way to allocate limited resources and instead suggested either a system of queuing (eg, first come, first served) or lottery. 
recovery from Prolonged Disaster Events
A disaster is a significant stressor, not only for patients and families, but also for NICU staff. In addition to the personal and family impact of a disaster, staff may be affected by their prolonged efforts and by the anguish of not being able to deliver usual intensive care and the resulting influence on patient outcomes. There are unique aspects that confront providers in an ICU setting in the context of a disaster. Altered standards of care include triage; decisions made because of limited resources may result in the death or disability of critically ill infants who might have otherwise survived under usual circumstances. Facing these difficult decisions may be extremely stressful to providers. It is important to consider the length of shifts, the length of response, incorporation of breaks, and psychosocial support of staff and their families. After a disaster event, the need for staff debriefing and counseling should be anticipated. Self-care, both during and after the event, is an important aspect of maintaining resilience in disasters. 58, 59 When possible in a prolonged disaster, relief teams can be brought in to allow respite for the on-site caretakers. Lastly, NICU providers will benefit from family preparedness planning before a disaster event because they will be better able to address the needs of patients and be aware of the wellbeing of loved ones.
cOncLuSIOnS
Infants in the NICU are highly vulnerable in a disaster because of their need for specialized and highly technical support. As such, NICU preparedness is required for optimal disaster response. 
